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Water is an essential nutrient in the human body and it plays a vital role. Water is required to work in every system 
in the body, from cells and tissues to vital organs. About 70% of human-used freshwater goes to cultivation. The 
study aimed to assess water quality and identify the water category of Besut Campus Lake A. Water Quality Index 
(WQI) related to this study because it is standard used to classify the class of the water body. Water sampling was 
done at three sampling stations in two different locations and were sampled from February 2021 until March 2021. 
According to HACH and American Public Health Associations (APHA) methods, ten water quality parameters 
were analysed based on in situ and ex situ analysis. The values of pH, TDS, Temp, TSS and AN had been classified 
under Class I referred to National Water Quality Standard (NWQS). At the same time, DO and BOD were 
classified under Class II. And COD had been classified under Class III according to NWQS classification. Based 
on WQI, the water quality status in Campus Besut Lake was classified under Class II with a value of 85.742. It had 
been considered as Clean which is suitable for recreational activities and safe for body contact as well. 
 






Water is an essential nutrient in the human body and it plays a vital role. We can live for up to several weeks without 
food, but without water only for a few days. Water is required to work in every system in the body, from cells and 
tissues to vital organs. About 70% of human-used freshwater goes to cultivation. For certain parts of the world, fishing 
in marine and freshwater sources as the main food source. As we may only find water on the surface of the Planet, 
there is far more freshwater contained on the ground than on the surface in liquid form. In fact, some of the water 
streaming through the rivers comes from the infiltration of groundwater into the banks of the rivers. Precipitation 
runoff continually seeps through the earth to recharge aquifers, while water in the ground continuously recharges 
rivers by erosion at the same time. 
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Water Quality Index (WQI) is calculated to identify the classes of the water body. WQI is used as the basis for 
evaluating a water source in determining the level of pollution and classification for beneficial use as prescribed by 
NWQS (Amneera et al., 2013). It is according to National Water Quality Standard (NWQS) for Malaysia. And for this 
study, the focus is on Besut Campus Lake. There are six parameters use to calculate WQI, such as Dissolved Oxygen 
(DO), Ammoniacal-nitrogen (AN), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Total 
Suspended Solid (TSS)and Potential Hydrogen (pH). The higher the index value the better quality of the water. 
Referring to (Sharip et al., 2014), most inland water bodies supply fresh vital resources such as fresh water, for fisheries 
and fish farming, providing natural flood mitigation and unique freshwater habitats. Water quality issues are becoming 
a significant concern due to increase population numbers, urban expansion and development. From the classification 
set by NWQS, the water source is arranged in groups as ‘clean’, ‘slightly polluted’ and ‘polluted’ if the set standards 
comply with the estimates range of 81 to 100%, 60 to 80% and 0 to 59%, respectively. The criteria used are interrelated 
with each other in the regulation of water quality. They should be considered together with all parameters that are 
highly variable with time due to of natural and human influences (Shahabudin & Musa, 2018). 
 
 




This study was conducted at two sites in UniSZA Besut Campus. The first site was at Aquatic Lab (Control) and the 
second and third sites were at Besut Campus Lake. Within the areas at Besut Campus Lake, there were two stations 
which were at the Inlet at Longitude 5.45402 N and Latitude 102.37617 E and Outlets at Longitude 5.45270 N and 
Latitude 102.37510 E for the irrigation system in the lake. The study had been conducted for two consecutive months 
(January until March 2021). The latitude and longitude for UniSZA Besut Campus, Terengganu is at 5.6958138 N and 




Fig. 1. The study area which obtained from Google Earth map in satellite image view. 
 
 
In situ Sampling 
 
Water quality samplings were taken daily in the morning before feeding time. Six water quality parameters were taken 
as in situ measurement. The measurement of pH, DO, TDS, AN and temperature were determined using Handheld 
Multiparameter Probe YSI. Three readings were taken from different spots to avoid bias results. The method used 







Ex situ Sampling 
 
All apparatus was calibrated to ensure that results obtained during sampling are accurate with lesser error. The 
samplings were done at all stations (Control, Inlet and Outlet) every week until the second month. Samples collected 
from each station were brought to the laboratory for further analysis of four WQ parameters. The parameters were 
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Ammoniacal Nitrogen (AN) and Total 




One-way analysis of variance (ANOVA) was used to determine their significant difference respectively. In all tests 
used, the probability of P<0.05 was considered capable of showing significant differences 
 
 
RESULTS AND DISCUSSION 
 
In situ Parameters 
 
pH 
pH is a measure of hydrogen concentration ions in the water which indicates the acidity, alkalinity or basic. Based on 
Kumar et al., (2015), pH could nutrients’ availability by aquatic organisms. For pH value between 0-14, the higher the 
value will indicate alkaline conditions while below seven will indicate acidic conditions. This also can act as an indicator 
to show the pollution of the water body. Based on Table 1, the pH value recorded at the Control station ranged from 
5.18 to 8.45, the Inlet station was 7.52 to 9.29 and the Outlet station was 6.90 to 9.02. However, for overall results of 
average value shows that for the Control station was 6.47 (± 0.58), the Inlet station was 8.09 (± 0.42) and the Outlet 
station was 8.24 (± 0.50). Based on the classification on NWQS classification, the Control station was under Class II 
and for the Inlet and the Outlet Station were under Class I. Based on NLWQS, both Inlet and Outlet stations were 
classified under Category A (range from 6.5 – 8.5).         
 
 
Table 1: The Average of pH at Control, Inlet and Outlet station 
Groups Count Sum Average Variance 
Control 30 194.16 6.472 0.333482 
Inlet 30 242.5867 8.086222 0.177094 
Outlet 30 247.17 8.239 0.253525 
 
 
Table 2: The statistical Analysis of pH at Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 57.51343 2 28.75672 112.904 6.68E-25 3.101296 
Within Groups 22.15894 87 0.254701 
   
Total 79.67238 89         








Dissolved oxygen (DO) 
Dissolved oxygen is the need for the survival of all aquatic organisms. The reason is that oxygen plays an important 
role and is established as an indicator for water quality determination. To determine the amount or concentration of 
oxygen available in the water body. 
 
Based on Table 3, the value for DO that obtained in the Control station was within 5.14 to 7.57 mg/l, the Inlet station 
was 4.15 to 11.36 mg/l and the Outlet station was 4.23 to 12.74 mg/l. However, the value for average DO at Control 
was 6.18 (± 0.66) mg/l, Inlet was 5.97 (± 1.54) mg/l and Outlet was 6.11 (± 1.84) mg/l. Based on the classification 
by NWQS, the average DO concentration for all the station was classified as Class II (range 5–7 mg/l). Based on 
NLWQS, the average DO concentration for Inlet and Outlet stations were under Category B (range 5.5 – 8.7 mg/l). 
No significant difference between the Control, Inlet and Outlet stations (p < 0.05, p = 0.03435). 
 
Table 3: The Average of Dissolved Oxygen at Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 30 185.48 6.182667 0.442791 
Inlet 30 171.5433 5.718111 0.686086 
Outlet 30 170.9667 5.698889 0.797714 
 
 
Table 4: The Statistical Analysis of Dissolved Oxygen at Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 4.502223 2 2.251111 3.505328 0.034347 3.101296 
Within Groups 55.87114 87 0.642197 
   
Total 60.37337 89 
    
 
 
Total Dissolved Solid (TDS) 
Total dissolved solids measure the amount of solids dissolved in water whether natural or anthropogenic (human-
made), mainly composed of inorganic with minor organic constituents. Weber-Scannell & Duffy, (2007) said that, 
TDS can cause toxicity through increase in salinity, changes in ionic composition of water that become a cause of 
shift in biotic communities, limit biodiversity and cause an acute or chronic effect at a specific level. Based on Table 
5, TDS value recorded in Inlet station are from 60.11 to 72.87 mg/l and Outlet station are from 69.55 to 83.53 mg/l. 
The Control station recorded the range value from 73.16 to 155.06 mg/l. Outlet station had recorded with higher 
value of TDS than Inlet with 73.92 (± 2.75) mg/l and Inlet station with 67.05 (± 3.68) mg/l. While Control station 
recorded the highest average value with 121.29 (± 24.05) mg/l. The average values for all the stations were classified 
under Class I referring to NWQS classification. Statistical analysis using One Way ANOVA based on Table 6 shows 
significant difference between Control, Inlet and Outlet stations (p < 0.05, p = 5.8E-27). 
 
Table 5: The Average of Total Dissolved Solid of Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 30 3638.697 121.2899 578.3842 
Inlet 30 2011.493 67.04978 13.52794 




Table 6: The Statistical Analysis of Total Dissolved Solid of Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 52327.45 2 26163.73 130.9331 5.8E-27 3.101296 
Within Groups 17384.79 87 199.8251 
   
Total 69712.24 89 




Water temperature is a measure of the heat content of the water mass and influences the growth rate and survivability 
of aquatic life. There are different needs for an optimum temperature and tolerances of extreme temperatures for 
other species of fish. Manjare et al., (2010) also explained that water temperature plays an important role that influences 
the chemical, biochemical and biological characteristics of water. Usually, rates of chemical and biological reactions 
double every 10°C increase in temperature.  
 
Based on Table 7, water temperatures recorded at the Control station was ranged from 26.8 to 28.5°C. While at Inlet 
station ranged from 26.7 to 31.8°C and Outlet station ranged from 26.8 to 33.3°C. For the average values, the Outlet 
station had recorded the highest value with 29.5 (±1.48) °C, followed by the Inlet station with 28.6 (±1.24) °C and 
lastly Control station with 27.3 (±0.49) °C. Based on the NWQS classification, these values were within the normal 
range of water temperature for Malaysian lakes. Based on the NLWQS also, the average values for temperature at all 
stations were classified for all categories that ranged on normal temperature. Statistical analysis using One Way 




Table 7: The Average Temperature of Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 30 818.9667 27.29889 0.238275 
Inlet 30 859.2 28.64 1.527923 
Outlet 30 885.3333 29.51111 2.208838 
 
 
Table 8: The Statistical Analysis of Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 74.51341 2 37.2567 28.11801 3.81E-10 3.101296 
Within Groups 115.276 87 1.325012 
   
Total 189.7894 89 
    
 
 
Ex situ Parameters 
 
Total Suspended Solid (TSS) 
Total suspended solids (TSS) are the particles found in water column which defines as natural pollutants to the water. 
Naubi et al., (2016) stated that, a higher amount of suspended solids could also cause turbidity to river water and can 
also be the indicator of land erosion for the river catchment. While referring to Sánchez et al., (2005), suspended solids 
also may disturb the metabolism of photosynthetic organisms and oxygen production. 
179 
 
Based on Table 9, total suspended solids recorded at all the stations ranged from 1 to 16 mg/l. The highest recorded 
value recorded with average 15 (±1.15) mg/l at Control. At the same time, Inlet had recorded the highest average 
value at 7 (±0.58) mg/l and Outlet at 5(±1.15) mg/l. In general, the TSS value recorded for all the stations were 
classified as Classes 1 based on NWQS classification. However, referring to NLWQS, the TSS value recorded for all 
the stations were classified under Category A (ranged < 100 mg/l). Statistical analysis on Table 10 of One Way 
ANOVA showed no significant difference between all the stations (p>0.05, p = 0.032043). 
 
 
Table 9: The average of Total Suspended Solids of Control, Inlet and Outlet Stations 
Groups Count Sum Average Variance 
Control 5 44.66667 8.933333 19.63333 
Inlet 5 27 5.4 3.3 
Outlet 5 17 3.4 2.411111 
 
 
Table 10: The Statistical analysis of Total Suspended Solids of Control, Inlet and Outlet Stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 78.5037 2 39.25185 4.646208 0.032043 3.885294 
Within Groups 101.3778 12 8.448148 
   
Total 179.8815 14 
    
 
 
Biochemical Oxygen Demand (BOD) 
According to Mckenzie, (2003), BOD is the amount of oxygen that consume by bacteria and other organism when 
they undergo aerobic condition at specific temperature to decompose organic matters. Thus, BOD in water sample 
can determine the degree of pollution caused by microorganisms through biodegradation. Therefore, when BOD 
concentration is high, the water is considered polluted. 
 
Based on Table 11, the range of BOD value recorded for Control station from 1.34 to 3.25 mg/l, Inlet station was 
from 0.96 to 2.92 mg/l and Outlet station was from 0.87 to 2.60 mg/l. The highest average value of BOD recorded 
was Control station with 2.67 (± 0.80) mg/l, follow by Outlet station with 2.00 (± 0.71) mg/l and Inlet station 1.98 
(± 0.88) mg/l. Based on NWQS, the Control, Inlet and Outlet stations were classified under Class II (range 1-3 mg/l). 
The result on statistical analysis by using One Way ANOVA based on Table 12, showed there was no significant 
difference in BOD levels between Control, Inlet and Outlet stations (p < 0.5, p = 0.34). 
 
 
Table 11: The Average of Biochemical Oxygen Demand of Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 5 13.34533 2.669067 0.64595 
Inlet 5 9.916 1.9832 0.770771 







      Table 12: The Statistical Analysis of Biochemical Oxygen Demand of Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 1.527394 2 0.763697 1.191752 0.337209 3.885294 
Within Groups 7.689823 12 0.640819 
   
Total 9.217217 14 
    
 
 
Chemical Oxygen Demand (COD) 
Chemical Oxygen Demand (COD) test predicted the oxygen requirement for decomposition of organics and also the 
oxidation of inorganic chemicals. Therefore, the higher the value of COD in the water sample will indicates that the 
water is polluted. 
 
Based on Table 13, the range for COD value for the Control station was from 9.67 to 16.00 mg/l, follow by the Inlet 
station ranged from 22.00 to 34.67 mg/l and lastly, the Outlet station from 24.00 to 38.33 mg/l. However, through 
the average value of COD for each station, the Control station recorded 11.67 (± 2.51) mg/l, Inlet station was 28.33 
(± 5.41) mg/l and for the highest value of average COD was the Outlet station with 32.87 (± 5.41) mg/l value. This 
is because Control station had under Class II (10-25 mg/l) in NWQS, while Inlet and Outlet station were classified 
under Class III (25-50 mg/l). The statistical analysis by using One Way ANOVA, based on Table 14, it showed a 
significant difference in COD values between Control, Inlet and Outlet station (p < 0.5, p =2.02E-05). 
 
Table 13: The Average of Chemical Oxygen Demand of Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 5 58.33333 11.66667 6.277778 
Inlet 5 141.6667 28.33333 26.05556 
Outlet 5 164.3333 32.86667 29.25556 
 
 
      Table 14: The Statistical Analysis of Chemical Oxygen Demand of Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 1246.281 2 623.1407 30.35324 2.02E-05 3.885294 
Within Groups 246.3556 12 20.52963 
   
Total 1492.637 14 
    
 
 
Ammoniacal Nitrogen (AN) 
NH3-N indicates status, organic enrichment and health of the water body. It commonly forms as organic, ammonia, 
nitrate, nitrite and gaseous nitrogen. If the value of NH3-N recorded is high, means that the water considered polluted.  
Based on Table 15, the AN value for the Control station ranged from 0.01 to 0.17 mg/l. While for Inlet and Outlet 
stations, were from 0.01 to 0.02 mg/l. For the average value of all the stations, the Control station was recorded with 
0.07 (± 0.04) mg/l value. Inlet station recorded the average value for AN was 0.01 (± 0.02) mg/l, while Outlet station 
recorded the average value of 0.01 (± 0.004) mg/l. The classification based on NWQS showed that, Control, Inlet 
and Outlet stations were classified under Class I (ranged <1 mg/l). Based on NLWQS, all the stations average value 
obtained were classified under Category A (range < 0.1 mg/l). Statistical analysis using One Way ANOVA on Table 




Table 15: The Average of Ammoniacal Nitrogen of Control, Inlet and Outlet stations 
Groups Count Sum Average Variance 
Control 30 2.17 0.072333 0.002031 
Inlet 30 0.376667 0.012556 0.000284 
Outlet 30 0.386667 0.012889 1.51E-05 
 
 
Table 16: The Statistical Analysis of Ammoniacal Nitrogen of Control, Inlet and Outlet stations 
Source of Variation SS df MS F P-value F crit 
Between Groups 0.071071 2 0.035536 45.75535 2.64E-14 3.101296 
Within Groups 0.067568 87 0.000777 
   
Total 0.13864 89 




Water Quality Index (WQI) 
Water Quality Index provided the quality of the water. Table 17 above it stated the total WQI calculated for 
considering the quality of Besut Campus Lake A classified under Class 2, which was needed conventional treatment 
and suitable for recreational use with body contact referring to classifications of NWQS. 
 
 
Table 17: The Water Quality Index of Besut Campus Lake (Inlet and Outlet Station) 
PARAMETERS BESUT CAMPUS LAKE 
DO mg/l 5.86 ± 0.66 
pH 8.11 ± .0.31 
COD mg/l 30.60 ± 4.97 
BOD mg/l 1.99 ± 0.73 
AN mg/l 0.01 ± 0.004 






The Table 18 below stated that all the selected parameters were classified under Category A. Category A describe the 
lakes that are managed in which the water to be used for recreational purposes – primary body contact such as 








Table 18: The Water Category of Besut Campus Lake (Inlet and Outlet Stations) 
Parameters Besut Campus Lake (Inlet and Outlet station) Category 
DO mg/l 5.86 ± 0.80 A 
pH 8.11 ± 0.31 A 
TSS mg/l 4 ± 1.52 A 






Based on the project that had been carried out, the WQI of Besut Campus Lake was 85.742. The value of WQI for 
the lake was indicated clean based on DOE Water Quality Index Classification. At the same time, Water Category for 
Besut Campus Lake was determined in Category A for all of the selective parameters. This means the lakes are 
managed in which the water to be used for recreational purposes – primary body contact such as swimming, diving 
and kayaking. The overall assessment from this study shows that ten parameters were recorded in Besut Campus Lake 
(Inlet and Outlet station) are slightly influenced by the condition of sampling station and time. Based on the results 
from statistical analysis of One Way ANOVA, there was a significant difference between the Inlet and Outlet station, 
except TSS and DO showed no significant difference between the Inlet and Outlet station value. The data were 
compared with NWQS and it showed that the average from Inlet and Outlet station value (Besut Campus Lake) 
classified under Class II. While NWLQS showed that the data obtained from this study with the selective parameters 
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